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(54) Integrated circuit with multi-length output transistor segments

(57) A monolithic integrated circuit fabricated on a
semiconductor die includes a control circuit, a first output
transistor and a second output transistor. The length of

the first output transistor is at least 20% longer than the
length of the control circuit. At least one of the first and
second output transistors is coupled to the control circuit.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to the
field of semiconductor devices; more specifically, to mon-
olithic integrated circuits (ICs) and to methods of manu-
facturing IC devices.

BACKGROUND OF THE INVENTION

[0002] Integrated circuits (ICs), including power inte-
grated circuits (PICs), find application in an increasingly
wide variety of electronic devices. Typically, PICs com-
prise one or more high-voltage field effect transistors
(HVFETs) having a device structure such as those dis-
closed in U.S. Patent No. 6,207,994 ("the ’994 patent"),
which is herein incorporated by reference. Each of the
devices disclosed in the ’994 patent has a source region
and a drain region separated by an intermediate region.
A gate structure is disposed over a thin oxide layer over
the metal-oxide-semiconductor (MOS) channel of the de-
vice. In the on state, a voltage is applied to the gate to
cause a conduction channel to form between the source
and drain regions, thereby allowing current to flow
through the device. In the off state, the voltage on the
gate is sufficiently low such that no conduction channel
is formed in the substrate, and thus no current flow oc-
curs. In this condition, high voltage is supported between
the drain and source regions.
[0003] Most integrated circuits contain one or more
output transistors that control current flow through one
or more external loads. By way of example, Figure 7 of
the ’994 patent discloses a structure having interdigitated
source and drain regions that is commonly utilized as an
output transistor in many types of power devices. In the
design of a particular PIC, these elongated source / drain
segments may be replicated to increase the current han-
dling capability of the power device.
[0004] Figure 1 shows a typical prior art IC fabricated
on a semiconductor die 10 having an aspect ratio defined
as the ratio of the length (L) to the width (W). Included
on semiconductor die 10 is a control circuit 11 that is
utilized to control on/off switching of an output transistor
12. In IC designs, it is customary to utilize a single stand-
ardized control circuit design coupled to a variety of out-
put transistor layouts of differing sizes (e.g., number of
segments) to create a family of devices with similar func-
tionality, but with differing current handling capability. For
example a family of ICs, each with differing current han-
dling capabilities, may be created by increasing the
number of parallel segments of transistor 12. According
to this traditional approach, ICs with larger current han-
dling capability have a larger width (W) to accommodate
more source/drain segments, but the same length (L). In
other words, in prior art IC designs, the length of the out-
put transistor is substantially constant, and equal to the
length of control circuit 11. Integrated circuit devices with

more current handling capability have more segments
added in parallel, which increases the width of the sem-
iconductor die.
[0005] To achieve maximum utilization of the package
space that houses semiconductor die 10, control circuit
11 is usually designed with a length that is much larger
than its width. For example, in a typical IC product family
the smallest device is designed to be long and narrow
(i.e., large aspect ratio), with larger devices having an
increased width dimension due to the added number of
output transistor segments (i.e., smaller aspect ratio).
That is, the aspect ratio of larger devices decreases as
more segments are added.
[0006] Aspect ratio is a critical parameter in the design
of most monolithic ICs, including, by way of example,
power integrated circuit devices. An IC fabricated on a
semiconductor die having a very large or very small as-
pect ratio often suffers from mechanical stress caused
by the molding compound used to package the die. This
stress can adversely change the electrical properties of
the IC circuitry. For minimum stress a semiconductor die
should have an aspect ratio that is close to 1.0, i.e., a
length that is substantially equal to its width. The difficulty,
however, is that the output transistors are often required
to have elongated segments in order to achieve area
efficiency and a specific current handling capability. The
package also has maximum cavity size. Thus, while it is
desirable to manufacture an IC on a semiconductor die
having a substantially square shape, the need to provide
a product family with a range of current handling capa-
bilities which fits within a package cavity size has con-
strained the dimensions of the control circuitry and sem-
iconductor die 10.
[0007] The solution of the prior art has been to provide
a control circuit that has a relatively narrow width and a
much larger length that is substantially equal to the max-
imum package cavity size. For example, in Figure 1 the
length of control circuit 11 is about four times its width.
However, this causes area inefficiencies due to control
circuit wiring. Another significant shortcoming of this prior
art approach is that in IC devices with small output field-
effect transistors (i.e., fewer segments) suffer from pack-
age stress problems caused by high semiconductor die
aspect ratio.
[0008] Thus, there is an unsatisfied need for an im-
proved monolithic IC design that overcomes the prob-
lems of poor control circuit area efficiency and high IC
aspect ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will be understood more
fully from the detailed description that follows and from
the accompanying drawings, which however, should not
be taken to limit the invention to the specific embodiments
shown, but are for explanation and understanding only.
[0010] Figure 1 shows a circuit layout of a prior art
monolithic integrated circuit.
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[0011] Figure 2 is circuit layout illustrating an integrat-
ed circuit according to one embodiment of the present
invention.
[0012] Figure 3 is a circuit schematic diagram that cor-
responds to the integrated circuit shown in Figure 2.
[0013] Figure 4 is circuit layout illustrating an integrat-
ed circuit according to another embodiment of the
present invention.
[0014] Figure 5 is circuit layout illustrating an integrat-
ed circuit according to still another embodiment of the
present invention.
[0015] Figure 6 is circuit layout illustrating an integrat-
ed circuit according to yet another embodiment of the
present invention.

DETAILED DESCRIPTION

[0016] An improved integrated circuit is described. In
the following description, numerous specific details are
set forth, such as device types, dimensions, circuit con-
figurations, etc., in order to provide a thorough under-
standing of the present invention. However, persons hav-
ing ordinary skill in the semiconductor arts will appreciate
that these specific details may not be needed to practice
the present invention.
[0017] Figure 2 illustrates a circuit layout of a mono-
lithic IC according to one embodiment of the present in-
vention. (In the context of the present application, the
term "IC" is considered synonymous with a monolithic
device.) In the example of Figure 2, the IC shown may
comprise a power integrated circuit (PIC) fabricated on
a semiconductor die 20, which includes a first output
HVFET 23 having a set of relatively short interdigitated
source/drain segments, and a second output HVFET 24
having a set of relatively long interdigitated source/drain
segments. The segments of HVFETs 23 & 24 are placed
on die 20 in a manner that optimizes the layout of control
circuit 21. The arrangement of HVFETs 23 & 24 also
improves the layout of the complete PIC such that die 20
has a better aspect ratio as compared to prior art devices,
even for implementations with low current handling ca-
pability. It should be understood, however, that the
present invention is not limited to PICs and may find ap-
plication in a wide variety of IC designs having a multitude
of voltage and current handling characteristics.
[0018] As can be seen, output transistor 23, with the
short segments, is located on die 20 adjacent the short,
lateral side of control circuit 21. In one implementation,
control circuit 21 comprises a switched mode regulator
control circuit. Control circuit 21 and transistor 23 both
have substantially the same width (W1). The total length
(L) of semiconductor die 20 is approximately equal to the
sum of the lengths of transistor 23 and control circuit 21
(L � L1 + L2).
[0019] In the embodiment of Figure 2, output transistor
24 is shown located on die 20 adjacent the long, bottom
side of control circuit 21, and also extending beneath the
length of transistor 23. The length of the segments of

output transistor 24 is substantially equal to the length
(L2) of control circuit 21 plus the length (L1) of the seg-
ments of output transistor 23. In other words, the short
transistor segments are placed alongside the short side
of control circuit 11 such that the combined control circuit
and short transistor segment length is substantially the
same as the length of the long segments of transistor 24.
In the embodiment shown, each of the output transistors
is of the same conductivity type, i.e., n-type or p-type. (In
embodiments where the output transistors are bipolar
devices, each of the output transistors are also of the
same type, i.e., npn or pnp devices.)
[0020] The total width (W) of semiconductor die 20 is
approximately equal to the sum of the widths of control
circuit 21 and transistor 24 (W � W1 + W2). To manufac-
ture an IC device with increased current handling capa-
bility, more long segments are added in parallel to tran-
sistor 24, which has the effect of increasing the W2 di-
mension and lowering the aspect ratio of semiconductor
die 20.
[0021] Another way of viewing the embodiment of Fig-
ure 2 is to consider the output transistors 23 and 24 as
occupying an L-shaped area of semiconductor die 20,
with the two inner sides of the L-shaped area being lo-
cated adjacent two corresponding sides of control circuit
21. That is, one of the inner sides of the L-shaped area
has a length substantially equal to the length (L2) of con-
trol circuit 21, with the other inner side of the L-shaped
area having a length substantially equal to the width (W1)
of control circuit 21. The two outer sides of the L-shaped
area have dimensions that are substantially equal to the
overall length (L � L1 + L2) and width (W � W1 + W2) of
semiconductor die 20, respectively.
[0022] Practitioners in the integrated circuit and sem-
iconductor fabrication arts will appreciate that the em-
bodiment shown in Figure 2 permits control circuit 21 to
have a layout with an optimum aspect ratio that provides
better area efficiency than prior art designs. In the imple-
mentation shown in Figure 2, the length (L2) of control
circuit 21 is about three times its width (W1). Furthermore,
the novel use and placement of multiple output transis-
tors having different segment lengths results in an aspect
ratio closer to 1.0 for the complete IC. This means that
a family of IC devices, each with different current handling
capability, may be manufactured on a semiconductor die
20, each having an aspect ratio closer to 1.0. For the
embodiment shown in Figure 2, the aspect ratio of die
20 is about 1.6.
[0023] With continuing reference to Figure 2, an IC de-
vice having a relatively small current handling capability
may be realized by connecting control circuit 21 to output
transistor 23, but not to output transistor 24. An IC device
having increased current handling capability may be im-
plemented by connecting control circuit 21 to both output
transistor 23 and output transistor 24, or just to output
transistor 24 and not output transistor 23. In one embod-
iment, both of the output transistors are connected in
parallel to act as a single larger output transistor which
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is connected to the control circuit. In one embodiment,
both of output transistors 23 and 24 have a breakdown
voltage greater than 100V. IC devices that provide even
larger current handing capability may be realized by in-
creasing the number of long segment of output transistor
24 during the layout and manufacturing of semiconductor
die 20. In each case, the dimensions of control circuit 21
remain the same. Reasonable aspect ratios may be
maintained by extension of the length of the transistor
segments of output transistors 23 & 24 as the number of
segments of output transistor 24 increases. In accord-
ance with the present invention, a complete family of IC
devices having a wide range of current handling capa-
bilities may be implemented on a semiconductor die hav-
ing an aspect ratio within a range of 0.5 to 2.0.
[0024] Another possible configuration is to have only
one of the output transistors 23 & 24 coupled to control
circuit 21, with the other output transistor being available
for use as an independent transistor for connection to
other off-chip circuitry.
[0025] It should be understood that even though the
embodiment of Figure 2 illustrates two output transistors
with different length segments, there is no restriction on
the number of output transistors that may be included on
die 20. That is, more than two output transistors having
different length segments may be included on die 20.
[0026] For example, an IC with four output transistors
may be implemented in which two additional transistors
are located side-by-side on die 20 above or below tran-
sistor 24. The two additional output transistors may have
a combined segment length that is approximately equal
to the sum of the lengths of transistor 23 and control
circuit 21 (L � L1 + L2). In such as case, the segment
lengths of the two additional transistors may have an in-
termediate length that is longer than that of the short seg-
ments of transistor 23, yet shorter than the length of the
long segments of transistor 24. These additional transis-
tors with intermediate length segments may be selective-
ly coupled to control circuit 21 to implement an IC device
providing an intermediate range of output current capac-
ity.
[0027] Persons of ordinary skill in the integrated circuit
and semiconductor arts will appreciate that selective cou-
pling between control circuit 21 and one or both of the
output transistors 23 & 24 may be achieved utilizing a
variety of conventional techniques and circuits. For ex-
ample, an optional metal connection may be implement-
ed during the layout and fabrication of the IC. Alterna-
tively, an ordinary on-chip switching circuit may be uti-
lized for selectively coupling one or more of the output
transistors to control circuit 21. This switching circuit may
be incorporated into the layout of control circuit 21 and
may comprise one or more transistor switching devices
(e.g., transmission gates).
[0028] Figure 3 is a circuit schematic diagram that cor-
responds to the monolithic power integrated circuit
shown in Figure 2. As explained previously, control circuit
21 may be selectively coupled to output transistor 23 or

to output transistor 24, or to both transistors 23 & 24. This
latter case is depicted by the dashed line showing a com-
mon connection to each of the three terminals (i.e.,
source, drain, and gate) of the respective output transis-
tors. In one embodiment the output transistors are
HVFETs that are connected in parallel to effectively act
as a single HVFET which is switched on and off by the
control circuit. In one embodiment the control circuit is a
switching regulator circuit. Alternatively, the output tran-
sistors may have only one or two terminals coupled to-
gether (i.e., only the source terminals).
[0029] With reference now to Figure 4, an alternative
embodiment of an integrated circuit according to the
present invention is shown including a control circuit 25
that occupies an L-shaped corner area of semiconductor
die 20. In this embodiment, one outer side of the L-
shaped area occupied by control circuit 25 has a length
L2, with the other outer side having a dimension substan-
tially equal to the overall width (W � W1 + W2) of semi-
conductor die 20. Output transistors 23 and 24 occupy
an L-shaped area of die 20 adjacent to control circuit 25,
such that die 20 has an overall rectangular shape with
an aspect ratio within a range of 0.5 to 2.0. In this exam-
ple, output transistor 23 is located adjacent the left-hand
side of control circuit 25 and has a width W1 that is sub-
stantially equal to the width of the upper portion of control
circuit 25. Either one (or both) of the output transistors
23 & 24 is coupled to control circuit 25. In Figure 4 output
transistor 24 is shown located beneath output transistor
23 and adjacent the upper inner side of control circuit 24.
In this embodiment, the length of the transistor segments
of output transistor 24 is less than the overall length of
semiconductor die 20, which overall length (L) is sub-
stantially equal to the sum of the length (L1) of output
transistor 23 plus the length (L2) of the upper section of
control circuit 25.
[0030] Figure 5 shows yet another alternative embod-
iment of the present invention that includes a standard-
ized control circuit 21 coupled to one or both of output
transistors 27 and 28. In this embodiment, output tran-
sistor 28 occupies an area adjacent one side of control
circuit 21 and has transistor segments substantially equal
to a length L1. Unlike the embodiment of Figure 2, how-
ever, output transistor 28 has a much greater number of
segments such that the width of transistor 28 is substan-
tially equal to the overall width (W) of semiconductor die
20. Output transistor 27 has a plurality of transistor seg-
ments, each of which has a length substantially equal to
the length (L2) of control circuit 21. The width (W2) of
output transistor 27 plus the width (W1) of control circuit
21 is substantially equal to the overall width (W) of sem-
iconductor die 20. Like the previous embodiments, con-
trol circuit 21 is selectively coupled to one or both of output
transistors 27 & 28.
[0031] Figure 6 illustrates an integrated circuit in ac-
cordance with still another alternative embodiment of the
present invention. The embodiment of Figure 6 includes
an output transistor 27 disposed adjacent one side of
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control circuit 21, as in the embodiment of Figure 5. The
single output transistor 28 of Figure 5, however, is re-
placed in Figure 6 by a pair of output transistors 23 & 29
that occupy the same area adjacent the left-hand sides
of transistor 27 and control circuit 21. Both transistors 23
& 29 have segments with substantially the same length
(L1). Output transistor 23 has a width substantially equal
to the width (W1) of control circuit 21. Output transistor
29 has a width substantially equal to the width (W2) of
output transistor 27. In the embodiment of Figure 6, con-
trol circuit 21 is coupled to one or more of transistors 23,
27, and 29, depending on the current handling capacity
required. For example, in applications requiring maxi-
mum current handling capacity control circuit 21 would
be coupled to all three transistors 23, 27, and 29. In cases
where less than all of the output transistors are connected
to control circuit 21, the unconnected output transistors
may be available for use as independent transistor s cou-
pled to other off-chip circuitry.
[0032] Although the present invention has been de-
scribed in conjunction with specific embodiments, those
of ordinary skill in the arts will appreciate that numerous
modifications and alterations are well within the scope of
the present invention. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than
a restrictive sense.

Claims

1. An integrated circuit (IC) fabricated on a semicon-
ductor die, comprising:

a control circuit occupying a first area of the sem-
iconductor die, the control circuit having first and
second sides;
a first output transistor occupying a second area
of the semiconductor die, the first output tran-
sistor having a first length, the first length being
longer than a length of the first side of the control
circuit;
a second output transistor occupying a third area
of the semiconductor die, the second output
transistor having a second length; and
wherein at least one of the first and second out-
put transistors are coupled to the control circuit.

2. The IC of claim 1 wherein the first side of the control
circuit is orthogonal to the second side.

3. The IC of claim 1 wherein the first length extends in
a direction parallel to the first side of the control cir-
cuit.

4. The IC of claim 1 wherein the second length extends
in a direction perpendicular to the second side of the
control circuit.

5. The IC of claim 1 wherein the first length is at least
20% longer than the length of the first side of the
control circuit.

6. The IC of any preceding claim 1 wherein the second
length is substantially equal to a difference between
the first length and the length of the first side.

7. The IC of any preceding claim wherein the second
output transistor has a width that is substantially
equal to a width of the second side of the control
circuit.

8. The IC of any preceding claim wherein the first and
second output transistors each have a breakdown
voltage greater than 100V.

9. The IC of claim 8 wherein the first and second output
transistors each comprise field-effect transistors.

10. The IC of any preceding claim wherein the first and
second output transistors each comprise a plurality
of transistor segments of substantially equal length
coupled together to form a single output transistor.

11. The IC of any preceding claim wherein the first and
second output transistors are coupled in parallel.

12. The IC of any preceding claim wherein the first length
of the first output transistor is substantially longer
than the second length of the second output transis-
tor.

13. The IC of any preceding claim wherein the control
circuit comprises a switched mode regulator control
circuit.

14. The IC of claim 9 wherein the first and second output
transistors have the same conductivity type.

15. The IC of claim 14 wherein the first and second out-
put transistors comprise field-effect transistors.

16. The IC of any preceding claim wherein the second
area is disposed adjacent the first side, and the third
area is disposed adjacent the second side.

17. The IC of claim any preceding claim wherein the
semiconductor die has a substantially rectangular
shape with an aspect ratio within a range of 0.5 to 2.0.

18. The IC of any preceding claim wherein the first output
transistor has a plurality of segments, each of the
segments extending in a direction parallel to the first
side and having a length substantially equal to the
first length; and the second output transistor has a
plurality of segments, each of the segments extend-
ing in a direction perpendicular to the second side.
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19. The IC of any preceding claim wherein the first and
second output transistors each comprise field-effect
transistors having a breakdown voltage greater than
100V.

20. The IC of claim 19 wherein the first and second out-
put transistors each comprise source, drain, and
gate terminals.

21. The IC of claim 20 wherein the gate terminal of the
first output transistor is coupled to the gate terminal
of the second output transistor and to the control
circuit.

22. The IC of claim 21 wherein the source terminal of
the first output transistor is coupled to the source
terminal of the second output transistor.

23. The IC of any preceding claim wherein the drain ter-
minal of the first output transistor is coupled to the
drain terminal of the second output transistor.

24. The IC of any preceding claim wherein the first and
second output transistors each comprise n-type
field-effect transistors.

25. The IC of any preceding claim wherein the first and
second output transistors each comprise p-type
field-effect transistors.

26. The IC of any preceding claim wherein the semicon-
ductor die has a substantially rectangular shape with
an overall length and an overall width, the overall
length being substantially equal to the first length,
and the overall width is substantially equal to a sum
of widths of the first and second output transistors.

27. A method of manufacture of an integrated circuit (IC),
the method comprising:

locating a control circuit in a first area of the sem-
iconductor die, the control circuit having a length
that extends along a first side and a width that
extends along a second side;
locating a first output transistor in a second area
adjacent the second side of the control circuit,
the first output transistor having a width substan-
tially equal to the width of the control circuit;
locating a second output transistor adjacent the
first side of the control circuit, the second output
transistor having a length greater than the length
of the control circuit; and
coupling the control circuit to at least one of the
first or second output transistors.

28. The method of claim 27 wherein the second output
transistor has a length substantially equal to the
length of the control circuit plus a length of the first

output transistor.

29. The method of claim 27 or 28 wherein the length of
the second output transistor is at least 20% longer
than the length of the control circuit.

30. The method of claim 27, 28 or 29 wherein the first
and second output transistors each comprise inter-
digitated segments, the interdigitated segments of
the second output transistor being substantially long-
er than the interdigitated segments of the first output
transistor.

31. The method of any of claims 27 to 30 wherein the
semiconductor die has an aspect ratio within a range
of 0.5 to 2.0.

32. The method of any of claims 27 to 31 wherein the
first and second output transistors each have a
breakdown voltage greater than 100V.

33. The method of any of claims 27 to 32 wherein the
control circuit comprises a switched mode regulator
control circuit.

34. The method of any of claims 27 to 33 wherein the
first and second output transistors each comprise n-
type field-effect transistors.

35. The method of claim 33 wherein the first and second
output transistors each comprise p-type field-effect
transistors.

36. The method of claim 33 wherein the first and second
output transistors each comprise field-effect transis-
tors.
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